The increasing consumption of sugars is one of the factors contributing to the obesity epidemic. Our research was carried out on the sugar composition of apples. The purpose of the study was to determine the quantitative and qualitative composition of sugars of different apple varieties from the East Bohemia region. In this study dry matter content and sensory characteristics were also evaluated. Apples contain fructose, glucose and sucrose. Fructose is known to be a highly lipogenic sugar that has profound metabolic effects in the liver, and has been associated with many of the components of the metabolic syndrome (insulin resistance, elevated waist circumference, dyslipidemia, and hypertension). Fructose, glucose and sucrose in different apple cultivars were extracted with ethanol, derivatized, and determined by gas chromatography. 17 cultivars of apple were analysed. The average fructose content was 6.52 ± 1 g/100 g of apple (8
Introduction
A healthy and sustainable diet is based on high consumption of fresh vegetables, fruits and whole grains, with limited intake of saturated fat, trans fatty acids, sugar and salt [20] . Evidence suggests that a diet high in fruits and vegetables may decrease the risk of chronic diseases such as cardiovascular disease or cancer [13] .
The average fruit and vegetable intake in 2012 for the EU-28 was estimated to be 386.96 g/person per day. In Poland for example, the mean consumption of fruit and vegetables and their products amounted to just 275 g per person a day, which is below the WHO 400 g/day minimum recommendation [4, 17] .
There is no universally accepted recommendation on the fruit percentage in that daily target, but diabetics or overweight people are often discouraged from eating fruits because of their high energy content. The lack of clarity over the status of the more controversial foods such as dried fruit or pulses can lead to confusion and uncertainty amongst consumers.
One apple (approximately 125 g) has 65 Calories (272 kJ), the main part of which comes from carbohydrates -260 kJ. Apples (and most other fruits) contain fructose, glucose and sucrose. The larger apple of about 200 g contains about 20 -25 g of sugars with fructose/glucose ratio close to 2. The increasing consumption of sugars is one of the factors contributing to the obesity epidemic [3] . Previously, fructose was recommended as a sweetener for diabetic patients. It is now known that fructose, in contrast to glucose, is a potent stimulator of lipogenesis. Unlike glucose it can be converted to glycerol 3-phosphate (required for triacylglycerol synthesis) without passing through the phosphofructokinase pathway, which is an important rate-limiting pathway in glycolysis [11] . Lipogenesis by fructose has negative effects in many diseases, such as diabetes mellitus or metabolic syndrome, and in obesity [15, 16] .
The purpose of the study was to determine the quantitative and qualitative composition of sugars of different apple varieties from the East Bohemia region. In this study dry matter content and sensory characteristics were also evaluated.
Materials and methods
The 17 cultivars of apples (Tab. 1) were collected from the Research and Breeding Institute of Pomology. Research at the Institute includes breeding research of apples, collection of regional and primitive varieties of local origin, and the introduction of foreign varieties. Apples were picked at the optimum harvest maturity for storage, as measured by starch test.
Chemicals and reagents were of analytical grade and all were obtained from Sigma Aldrich (St. Louis, USA). Glucose, fructose, sucrose and malic acid were used as standards. Phenyl b-D-glucopyranoside 50 mg in 5 ml sodium azide solution was used as internal standard. All standard solutions were prepared in 0.1 % (w/w) sodium azide solution for stabilization. Ethanol was used for extraction of the apple samples.
A mixture of hydroxylamine hydrochloride in pyridine was used for the first step of derivatization. Dimethylaminoethanol was used for stabilization of the derived oxime. N,O-bis(trimethylsilyl)trifluoroacetamide (BSTFA) was used for the second step of derivatization, and was obtained from Supelco (Bellefonte, USA).
Dry matter content was determined by moisture analyzer (MB 25, Ohaus, USA). Approximately 3 g of apple homogenate was dried at 105 °C.
Samples of different apple cultivars (50 g) containing malic acid and the sugars fructose, glucose and sucrose were homogenized with 250 ml of ethanol by laboratory homogenizer (Waring 8010, Slovakia). Samples were transferred to Erlenmeyer flasks and the sugars extracted for 1h at 80 °C. After this extraction, the samples were centrifuged and the supernatant was purified by centrifugal filters (Amicon Ultra 30K, Merck Millipore, Ireland). 10 μl of internal standard and 10 μl of sample filtrate were evaporated in a vacuum concentrator at 60 °C (Concentrator 5305, Eppendorf, Germany).
Samples were derivatized with 50 μl of hydroxylamine hydrochloride solution (1 g in 100 ml of pyridine) with dimethylaminoethanol (20 : 1) at 75 °C for 30 min. The second derivatization was accomplished by adding 50 μl BSTFA for 15 min at 75 °C. The glucose and fructose derivatives are depicted in Fig. 1 . Trimethylsilyl oxime derivatives of the sugar were determined by gas chromatography with flame ionization detection (Fisons Instrument, Great Britain). Injector temperature was 280 °C, detector temperature 330 °C and the oven was programmed as follows: initial temperature 100 °C for 1 min, rate of temperature rise 10 °C/min to 280 °C. Pressure at the column head was 175 kPa. The chromatogram of an apple sample is shown in Fig. 2 .
Apple cultivars were stored in ULO (Ultra Low Oxygen) atmosphere 1 % O 2 + 1 % CO 2 at temperature 1 -1.5 °C. Experimental chambers with ULO technology were established in 2005. Each chamber consists of 6 air-tight ULO boxes with a capacity of 24 standard plastic boxes for fruits with 15 kg carrying capacity [2] . The technology also includes nitrogen generator with active filters, compressor and regulating and control unit with a computer and software for storage under controlled variables.
Sugar content and dry matter changes after 3 months and 6 months of storage were determined using the methods described above. Selected cultivars were tested one day after removal from ULO storage. Evaluated traits were sensory characteristics such as juiciness, acidity and overall taste, and were evaluated according to a nine-point evaluation scale, where nine represents the highest level of the trait: − juiciness: dry (1) -very juicy (9), − acidity: acidic (1) -very sweet (9), − overall taste: very bad (1) -excellent (9) .
Sensory evaluation was performed by a fully-trained panel composed of 6 judges, and the results are expressed as an average.
The total sugar, the ratio of fructose to glucose, and the sweetness relative to sucrose were calculated: Ratio fru/glu = (fructose + 0.5 × sucrose) / (glucose + 0.5 × sucrose) -includes the fructose and glucose from sucrose after hydrolysis in the gut. Sweetness = 1.5 × fructose + 0.75 × glucose + sucrose -relative to sucrose.
The obtained data were evaluated by One Way Repeated Analysis of Variance and Pearson Product Moment Correlation by Sigmastat software (Systat, USA). The data are presented as mean ± standard deviation.
Results and discussion
The variety is one of the most important factors that have a direct impact on and relationship with the content of both the biologically active components and the other chemical components of apples [19] . Data obtained for the estimation of dry matter and sugar content of individual varieties of fresh apples are presented in Tab. 1. The average dry matter content of material under investigation was 15.56 ± 1.85 % (20 % -'Boskoopske', 12.4 % -'Ontario'). Similar results have been reported by Łata [10] for apples of different cultivars grown in Poland, with dry matter content between 13.6 and 19.3 %. Sugars are important compounds for quality evaluation of apple fruits, and in terms of sugar composition, fructose and glucose are the predominant sugars for most apple varieties [12, 21] . In the experimental material the respective sugars were estimated overall as follows: fructose content 6.52 ±1 g/100 g of apple (8.1 -'Golden Delicious', 4.8 -'Selena'); glucose 1.46 ± 0.55 g/100 g of apple (3 -'Red Delicious', 0.9 -'Ontario'); sucrose 4.75 ± 1.35 g/100 g of apple (7.2 -'Opal', 2.1 -'Melrose'). Total sugar content was 12.73 ± 1.72 g/100g of apple (16.1 -'Boskoopske', 'Opal', 10.1 -'Selena', 'Ontario'). The average sweetness was calculated as 15.64 ± 2 g/100 g of apple. The highest sweetness was observed for varieties of high total sugar content (19.5 -'Boskoopske' and 'Opal') and the lowest for 'Selena' and 'Ontario' (12.2).
The next important step was to evaluate the sugar content during storage. The change in sugar content and dry matter during storage is presented in Tab. 2. Data after storage were compared by one-way Anova Repeated Measurement. Results are presented in Tab. 3. and Fig. 3 -6 . The dry matter of apple decreased from 15.6 % to 13.9 % during the period of storage under study. The decrease of dry matter could be explained by weight and moisture loss. Post-harvesting losses increased linearly with increase in storage duration due to water loss and respiration [5] . The intensity of this process depends on external and internal factors [6] . In the presented study a significant increase in glucose content and a decrease in sucrose and total sugar content were observed in line with the storage maturity of the apples. Regardless of the quantitative losses in weight and chemical components, quality changes occur that reduce the consumer and nutritional value of the fruit. The ageing rate of apples depends on many factors, and one of the ways of minimising it is to maintain appropriate conditions during storage [9] .
The results of sensory evaluation and the correlation with obtained data are presented in Tab. 4. and Fig. 7 .
The term sensory quality of fruits and apples is mainly related to their visual appearance (e.g. colour, gloss, size), smell, texture and palatability, and can be affected by many factors including genotype, cultivation system, picking date, postharvest handling and storage duration and conditions [1, 7, 8] . The quality of apples changes after harvesting and decreases during storage [18] . The results of the sensory evaluation are an interesting finding of the presented study. No correlation was found between the judged sweetness and the measured sugar concentration. A search for the determinant of sweetness identified it as malic acid; its content was determined in the apple cultivars (Fig. 7) . Malic acid is the characteristic acid of apple, and plays an important role in the sour sensation of the apple taste [14] . 
